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Sir: 



I, John K. Sullivan, declare and state that: 

1. I am presently employed by Amgen Inc. as an 
Associate Scientist in the Department of Inflammation and have 
held this position since May of 1991. My research interests are 
in the area of rheumatology and immunobiology . 

"2. I received my B.S. from Michigan Technological 
Institute in 1982 and a M.S. in Biology from Wright State 
University in 1984. 

3 . ' I have been asked to provide evidence concerning 
whether, based on the disclosure of U.S. Serial No. 09/211,315 
(hereafter the '315 application), one of skill in the art without 
undue experimentation would have been able to obtain antibodies 
which bind osteoprotegerin binding protein (OPGbp) and modulate 



CERTIFICATE OF MAILING 

i 



1 hereby certify that this correspondence is being deposited with the United States Postal Service as firet class mail inau envi 
Commissioner for Patents. Washington, D.C. 20231 , on the date appearing below. y2j a hJXUA ^^f* 




PATENT APPLICATION 



the activity of OPGbp such bone resorption is inhibited. The 
evidence presented in this declaration shows that the teachings 
of the '315 application would have enabled one to obtain 
antibodies which are suitable for use in the methods claimed in 
the '315 application. My conclusion is that the '315 application 
enables one skilled in the art .to carry out the claimed methods 
without undue experimentation. 

4. In arriving at this conclusion, I have read and 
understood the work of Dr. William J. Boyle in the '315 
application, including Example 3 which describes the sequencing 
of DNA encoding murine OPGbp, Example 5 which describes the 
cloning and sequencing of DNA encoding human OPGbp, Examples 8 
and 9 which describe in vitro and in vivo assays for OPGbp 
activity, and Example 11 which describes materials and procedures 
for the preparation of anti-OPGbp antibodies. Based on the work 
of Dr. Boyle in the '315 application, work done under my 
direction and control as set forth herein, and work done by 
others which is set forth herein based upon information provided 
to me, I conclude that the '315 application enables one skilled 
in the art to carry out the claimed invention without undue 
experimentation . 

5. The following OPGbp peptides and polypeptides were 
used in the experiments described herein: 

A BB' loop-Cys peptide having the amino acid 
sequence set forth on p. 47, line 18 of the specification and in 
SEQ ID NO:33 (hereafter "BB' loop-Cys"). 

A EF loop6-Cys peptide having the amino acid 
sequence as follows: 

' KTSIKIPSSHNLMKC 
(hereafter "EF loop6-Cys") . 

Murine OPGbp [158-316] having the amino acid 
sequence from positions 158 to 316 inclusive as set forth in SEQ 
ID NO: 37 of the '315 application and expressed and purified 
generally as described in Examples 6 and 7, respectively, of the 
'315 application. 
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Hioman OPGbp [159-317 ] having the sequence from 
positions 159 to 317 inclusive as set forth in SEQ ID NO: 39 of 
the '315 application and expressed and purified generally as 
described in Examples 6 and 7, respectively, of the '315 
application. 

Based on information provided to me, the BB ' loop- 
Cys and EF loop6-Cys peptides were conjugated with keyhole limpet 
hemocyanin (KLH) prior to immunization. 

6. Human OPGbp [159-317 ] and the KLH-conjugated BB ' 
loop-Cys and EF loop6-Cys peptides were provided to a contract 
laboratory for immunization of New Zealand white rabbits. Based 
on information provided to me, serum antibody titers of immunized 
rabbits were determined by EIA generally as described on p. 48, 
line 28 to p. 50, line 5 using either human OPGbp [ 159-317 ] , BB' 
loop-Cys or EF loop6-Cys peptide coated on microtiter plates. 

7. Crude antisera from immunized rabbits were 
purified by affinity chromatography. Antisera from rabbits 
immunized with human OPGbp [159-317 ] were provided to the Genomics 
Department at Amgen Inc. and purified by applying to an Actigel 
Aid column coupled to human OPGbp [159-317 ] and eluting with 
Pierce Gentle Elution Buffer (Pierce) containing 1% glacial 
acetic acid. Antisera from rabbits immunized with BB' loop-Cys 
peptide were provided to the Protein Chemistry Department at 
Amgen Inc. and purified by applying to a cyanogen bromide- 
derivatized Sepharose column coupled to murine OPGbp [158-316] 
and eluting with O.lM glycine, pH 2.9. In experiments done under 
my direction, antisera from rabbits immunized with EF loop6-Cys 
peptide were purified by applying to a Sulfolink column (Pierce) 
coupled to EF loop-Cys 6 peptide and eluting under conditions 
recommended by the manufacturer. The affinity purified anti- 
OPGbp antibodies are designated by the OPGbp peptide or 
polypeptide used for immunization. 

8. In experiments done under my direction, the 
affinity purified anti-OPGbp antibodies were tested for binding 
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to murine OPGbp [158-316] or human OPGbp[159-317] by EIA generally 
as described on p. 48, line 28 to p. 50, line 5 in the '315 
application and by the following procedure: Each well of a Costar 
EIA plate (Catalog no. 3590) was coated with 0.1 ml of either a 5 
|ig/ml human OPGbp [159-317 ] or a 5 |Lig/ml murine OPGbp [158-316] 
solution in Carbonate/Bicarbonate buffer / pH9 . 6 at 4°C overnight 
with agitation. After overnight coating, the solution was 
removed from the plates and 200 jil of 5% BSA bloclcer (Kirlcegaard- 
Perry (K-P) Labs, Gaithersburg, MD, Catalog no. 50-61-00) at a 
1:2 dilution was added to each well and the plates were incubated 
at room temperature for 1 hour. After incubation, the plates 
were washed two times with IX K-P wash solution (Catalog no. 50- 
63-00) . The affinity purified antibodies were serially diluted 
into PBS (laclcing Ca2+ or Mg2 + ) containing 0.1% Tween-20 (PBS- 
Tween) . 100 |il of each dilution was added to appropriate wells 
of plates coated with either human OPGbp [159-317] or murine 
OPGbp[158-316] and incubated for 40 minutes at room temperature 
with agitation. Following this incubation, the plates were 
washed three times with the IX K-P wash solution. To each well 
of the plate was then added 100 |Lil of a 1:3000 dilution of 
Protein A-horseradish peroxidase conjugate (Boehringer Mannheim 
Biochemicals , Catalog no. 605-295) in PBS-Tween and the plates 
were incubated 40 minutes further at room temperature with 
agitation. The plates were then washed four times with the IX K- 
P wash solution. Following this final wash, 100 |il of ABTS 
substrate (K-P Labs, Catalog no. 50-66-01) was added to each well 
and the absorbance at 405nm was determined at various times using 
a SPECTRAmax 340 plate reader (Molecular Devices) . The results 
presented in Attachment No. 1 show that the affinity purified 
anti-OPGbp antibodies bound to both murine and human OPGbp 
regardless of the OPGbp peptide or polypeptide used for 
immunization. 

9. The affinity purified anti-BB' loop-Cys, anti-EF 
loop6-Cys, and anti-human OPGbp [159-317 ] antibodies were provided 
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to the Analytical Resources Department at Amgen Inc. in order to 
test for inhibition of osteoclastogenesis in vitro. Based upon 
information provided to me, the mouse bone marrow assay generally 
as described in Example 8 of the specification was used, with the 
modification that 20 ng/ml of human OPGbp[159-317] , rather than 
murine OPGbp [158-316] , was included. The results provided to me 
are shown in Attachment No. 2 and indicate that antibodies raised 
to BB'loop-Cys peptide and human OPGbp [159-317] bloclc 
osteoclastogenesis whereas antibodies raised to the EF loop6-Cys 
peptide do not appear to exhibit a significant effect. In the 
attacliment, the A405 values for the anti-human OPGbp and anti-EF 
loop6-Cys antibodies were normalized to a similar maximum 
response in order to more readily compare the activities. 

10. The affinity purified anti-human OPGbp [159-317] 
antibodies were provided to the Pathology Department at Amgen 
Inc. in order to test for effects on bone density. Based on 
information provided to me, the following in vivo assay was used. 
Male BDFl mice aged three to four weelcs were administered varying 
doses of affinity purified anti-human OPGbp antibody by daily 
subcutaneous injection in carrier (PBS/0.1% BSA) starting on day 
1. The mice were then x-rayed on day 5. All mice in each 
treatment group (eight mice per group) and in the PBS/0.1% BSA 
control group were x-rayed on a single film. The proximal tibial 
metaphyseal region was compared between pairs of control and 
treated tibias and scored as a if the treated tibia was 
denser by visual assessment than the control giving the eight 
scores shown below. An arbitrary score of 5/8 was required for a 
"positive" result. The results which were provided to me* are 
shown in Attachment No. 3 and clearly indicate that the anti- 
human OPGbp increased bone density in this assay at all doses 
tested. 

11. It is clear that the anti-OPGbp antibodies 
obtained using materials and procedures described in the '315 
application bloclc osteoclast formation in vitro and promote an 
increase in bone density in vivo. It is apparent that the 
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specification enables one skilled in the art without undue 
experimentation to obtain antibodies which are useful for 
practicing the methods claimed in the '315 application. 



true and all statements made on information and belief are 
believed to be true, and further that these statements are made 
with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
section 1001 of Title 10 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
instant patent application or patent issuing thereon. 



12. All statements made herein of my own knowledge are 
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ATTACHMENT NO. 3 



Factor 


Dose 


12345678 


Result 


An ti -human 
OPGbp antibody 


10 

mg/kg 


+ + + + + + + + 


Positive 8/8 


Ant i -human 
OPGbp antibody 


3.0 
mg/kg 


+ + + + + + + + 


Positive 8/8 


Anti -human 
OPGbp antibody 


1.0 
mg/kg 


+ + + + + + + + 


Positive 8/8 


Control 
{PBS/0.1% BSA) 






Negative 0/8 
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Vol. 32 14), 339-350,, 1988 



Characterization of Mouse Monoclonal Antibodies 
to Hunjian Interferon-Gamma 



Yoko Yamamoto,*'^ Keizo riliYATA,*- Masamichi Ueda,3 Yoshimi Kawade,* 
Kayoko M)tTsuMOTO,-* and Kazuo TsuKur'* 

Wepartmrnt of Mokadar and^^'etlular Virology, '•^Department of Pathology, Irisiihitcfor 
Virus Research, Kyoto [fntv^rsity, Kyoto, Kyoto GOG. -Central Research laboratory, 
Iskihara Saugjo Kaiska, Ltd,, Sishishibukawa^ Kttsatsu, Shiga 525, ^Research 
Dii'ision, Japanese Red Cross Osaka Blood C enter. Osaka, Osaka 33G. and 
H'cntral Blood Center, The Japanese R£d Cross Society, 
Shibuya-hi, Tokyo 130 

Arcrptcd far publication. Novi'mbtT 'J.'i. 1987) 



Abstract Mouse monoclonalj antibodies (mAbj to human intcrferon-gamma 
(HuIFN-T-) were characterized. The mAbs studied — E4-18. G4-15, and SAT-1 — 
which are all IgGl-type, reacted to all HuIFN-;- molecular species, both glyco- 
sylated and non-glycosylaled. Affinity consianbs calculated of E4-I8 and G4-15 
didn't have considerable differences for both kinds orHuIFN-;- (i-3 x 10** liter/mol), 
but SAT-1 had a difference— a higher value (10't> liter/ mol) for the former than for 
the latter (8x10*' Uter/mol).! In epitope specificity, the results suggested thai 
E4-I8 and G4-I5 recognized] an overlapped region remote from the i-egion of 
SAT-1. Competition expcrinjent using synthetic peptides suggested that epitope 
of G4-15 is around N9-26 of jhe HuIFN-;- sequence. Those mAbs could be used 
for sandwich radioimmunoassay^ of HuIFN-)' using double mAbs in two combinations, 
one (G4-15/E4-I8) based on dfmer foi-ms of HuIFN-j- and the other (SAT-i/E4-i8) 
based on epitope difference. jThe nnAbs arc all neutralizing antibodies in which 
SAT- 1 neutralized at a lower concentration than did G4-i5, and at a much lower 
one than did E4-I8, The re:eptor binding of HuIFN-;' was inhibited by mAbs 
Ci4-15 and SAT-1. Efficacy if G4-15 and S.AT-l for the inhibition correspond 
with that for neutralization. 



(6) 



IFN-j' has various effects 
lymphokine (28). Through 
HuIFN-y has been elucidated 
HuIFN-T" (nHuIFN-;*) molecules 
massive production of recombinant 
made, but many problems rem 
effects on cells (21, 28). 

Until now, mouse mAbs 
ficationofnHuIFN-7- (10, 16, 1 
( 1 8, 23, 27) , etc. In this report 



on cells especially immune cells as an important 
recombinant technology', the primary structure of 
, and its correspondence to the structure of natural 
has also been determined (22). Thanks to the 
HuIFN-^- (rHulFN-;*), much progress has been 
to be .solved, especially because of its pleiotropic 



o HuIFN-;' were effectively utilized for the puri- 
sensiiive IFN assay (3), identification of HuIFN-;- 
we describe the characteristics of mAbs to HuIFN-;-, 
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I wo of which E4-iH and G4-15. were produced by Miyata et al (16), and one. SAT- 1 
was produced by Tsukui (unpublished i. 

HuIFN-7 inolecules were shown lo have a molecular weight (M.VV.) of 25,000, 
20,000 and 15,000 molecular species for nHuIFN-r (9. 16, 22, 29), and 17,000 for 
rHuTFN-r (2), ^nd 2K000 to 25,000 for rHuIFN-r produced in animal cells (4, 5) 
as deterinined bv SDS/polyacrylamidc gel electrophoresis (SDS/PAGE), and those 
molecules exist as diniers in neutral solution (2, 4, 16, 29). Our characterization of 
mAb was performed on those HuIFN-p upon considering their characteristics, gly- 
cosylated or nonj-glycosyiated. and dimer forms. 



MA rEKIALS AND METHODS 

i 

HtdFN pTephraiiom, Natural HuIFN-?' was produced in culture fluids of hu- 
man leukocytes stimulated by concanavalin A (Con A). The details of the pro- 
cedure have been described clsewlierc (14). Partially purified nHuIFN-;- prepa- 
rations (0.3-2 x10® I^'/nig protein) which were processed by Phenyl-Sepharose, 
silicic acid, Con A-Sepharose, CM Toyo Pearl 650S ion-exchange columns, and gel 
filtration on a BioGel PI 00 column, were used for immunogen and screening ofmAbs 
to HulFN-;-. ijurified nHuIFN-;- preparations (2-4 x 10*? lU/mg protein) purified 
by E4-18 antibody column (16) were used for the characterization of the mAbs. Re- 
combinant HuIFN-y was produced in Fj.56 cells (rHuIFN-7- (F.56)) which are mouse 
CI27 cells transformed with a chimeric plasinid consisting of bovine papillomavirus 
and human intej-feron-gene (5), The IFN was purified by E4-I8 antibody column. 
Purified prcpaicluons had 2-4x10"^ ll^'/nig protein of specific activity, which con- 
sisted of a proiejn band at a MAV. of 23,000 when analyzed by SDS/PAGE. Re- 



combinant Hul 
was supplied b^ 



Hunter reagent 
pH 8.0 at 4 C 



and G4-15 were 



rN-r produced in E. coli (rHuIFN'-r) {0A-\ x 10? lU/mg protein) 
Shionogi Seiyaku, Co.. rHuIFN-a2 (5x108 lU/mg protein) by 
Schering Coi*pcration through Nippon Essex, and rHuIFN-/y (1x10^ lU/nig 
protein) by Toray Industries, Inc. 

of HuIFN-ys. HuIFN-rs were all reacted with ^-^I-Bolton and 
;BH: New England Nuclear; 2,000 Ci/mmol) in 0.1 m borate buffer, 
br 0.5 to 1 hr. Labeled IFNs were obtained in the void fraction 
of BioGel P-6D6 (Bio-Rad) and stored at 4 C in phosphate-buffered saline (PBS) 
containing 0.2^1 bovine serum albumin (BSA), antibiotics mixture (ABM: peni- 
cillin G and strcjptomycin sulfate), and gentamicin sulfate. 

Monoclonal \intibodies to HuIFN-y, Monoclonal antibodies to HuIFN-r, E4-18 
produced by fusion of spleen ceils from immune mice with mouse 
myeloma cells, k63-Ag8-653 as described by Oi and Herzenberg (20). Hybridoma 
cells were screened by a direct binding assay. Partially purified nHuIFN-?- was 
used as immune gen and for the screening of the mAbs. For SAT-1, partially puri- 
fied HuIFN-;- ])roduced by a human T-lymphoblastoid cell line, TCL-Fuj (15), 
was used. 

Purification if mAbs to HnIFN-j. For the purification of E4-18 and G4-15 mAbs, 
pristane-primcd BALB/c mice were injected with 0.5-2 x 10*^ hybridoma cells, and 
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SAT- 1 

f 25,000, 
7,000 for 
lis (4, 5) 
nd those 
nation of 
tics, gly- 



s of hu- 
the pro- 
' prepa- 
pharose, 

and gel 
of mAbs 
purified 
)s, Re- 
e mouse 
na virus 
:oiumn. 
ch con- 
Re- 
)rotein) 
cin) by 

lU/mg 

:>n and 
buffer, 
raction 
(PBS) 
: peni- 

E4-18 
mouse 
idoma 
'T was 
y puri- 

i (15), 

mAbs, 
s, and 



ascitic fluids were withdrawn, and fractionated by precipitation witii ammonium 
sulfate at 50% saturation. The precipitate wa5 dissolved in PBS, and dialyzed 
against 10 mm sodium phosphate buffer (Na-P), pH 8.0 containing 0.15 m NaCl. 
The dialyzate was cla:rified by centrifugation and applied to a protein A-Sepharose 
(Pharmacia) column j equilibrated with the same buffer. Immunoglobulin was 
eluted with 0.1 m soditmi citrate buffer, pH 5.0. SAT-1 mAb was obtained from 
ascitic fluids of BALB^'c nu/nu mice, fractionated by precipitation with ammonium 
sulfate at 50% saturapon. The precipitate was dissolved in 20 mM Na-P, pH 7.2, 
dialyzed and loaded on a DEAE-Affigel blue (Bio-Rad) column equilibrated with 
the buffer. The colijmn was then washed with the buffer but containing 25 niM 
NaCl, and eluted with the buffer containing 75 niM NaCl (1). The eluate was 
dialyzed against PBS^ after concentration by Aquacide II (Caibiochem). 

^'^'^I-labeled G4'15 and SA T-l IgGs, 04-15 mAb (20 //g IgG in 20 or SAT-1 
mAb (8.5 fig IgG in 10 ju\), was reacted with 334 //Ci of ^'^-'^l-BH reagent (2,000 Ci/ 
mmol) at 0 C for 2 ir (G4-15). or 3 hr (SAT-1) in 0.1 m borate buffer, pH 8.2. 
Thus i^^Mabeled g|-15 IgG (initial activity: 8.26x106 cpm//^g protein; and 
i-i'^I-iabeled SAT-1 IgG (2.00x10' cpm/>g protein as above) were obtained. 

Immunoglobulin isoppe dektminaliofu Subtype analysis by Ouchterlony immuno- 
diffusion showed IgGl for both E4-18 and G4-15 mAbs. In the case of SAT- 1 
m.\b, IgGl (K) was verified by enzyme immunoassay. 

Assay of IFN. The antiviral activity of IFN was assayed by inhibition of the 
cytopathic effect of Sipdbis virus in human FL cells (FLs-i) as described (16). In 
most cases, the liters c|f HuIFN-;- were expressed in International IFN unit (lU) by 
calibrating against ih^ HuIFN-;- reference standard Gg23-90i-530 provided by the 
National Institute oft Health (Bcthesda, Md., U.S.A.). One experimental unit 
50% inhibiti(m of cytopathic effect) corresponds to 0,2 to 0.3 lU. 

with pansorbin. ^'^^Azhftltd HuIFN-/- and mAb (purified 



EU 

Immunoprecipiia Hon 



IgG) were mixed in 200 jul/tube of 10 mM tris-HCl buffer. pH 8.1, containing 0.1 
"^"^ (NET). After incubation at 37 C for 2 hr, followed by addi- 

jit anti-mouse immunoglobulin, 0.2 //g/20 jul/tube), 30 //1/tube 



mM EDTA, 0.2% BSA 
tion of RaMIgG (rab 



of 10% (v/v) pansorbjn {Staphylococcus aureus cells: Caibiochem) in NET containing 
P40 (NP40: Bcthesda Research Laboratories) (NP40/NET) 
Incubatipn was continued at 37 C for 1 hr, followed by 4 C overnight, 
e were collected by microcentrifugalion (Beckmann Microfuge 
with NP40/NET. Radioactivity was counted in a gamma 



0.05% (w/v) Nonidet 
was added 

The immunoprecipital 
12) and washed twic 
counter, 

Sandwich radioimmunoassay using double niAbs. Flexible plates (Falcon 3612) were 
coated with 1.5 //g/53 //l/well of mAb (purified IgG) in PBS containing 0,02*^o 
NaNa and kept at 4 overnight. The wells were washed wnth PBS, and 150 //l/ 
well of PBS containin ? 3% BSA was added. After incubation at 37 C for 30 min, 
the block solution was removed and the wells were washed twice with PBS^ HuIFN-7 
samples in 100 /il/wel of PBS containing 0.1 % BSA and ABM were added. After 
incubation at 37 G fo^ 1 to 2 hr, the wells were washed three times with PBS, then 
50 //l/weli of Assf.iabeied G4-15 or SAT-1 IgG in MEM (Nissui Co.) containing 3% 
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newborn caifjcrum and 0.1% glucose (gi-ovvi.h medium for ¥1. cells: FLGM) was 
added, and incubation was continued at 37 C for 2 hr. The wells were washed 
three times with PBS containing 0.02% (w/v) Tween 20 (PBS/Tween), cut, and the 
radioactivities^ were counted in a gamma counter. 

Solid-phase^ binding assay using RaMIgG, Flexible plates (Falcon 3612) were 
coated with RirMIgG (10 wg/ well) in 100 u\ of 5 mM glycine buffer, pH 9,2, contain- 
ing 0.02% ISiakz, and kept at 4 C overnight. After washing with PBS/Tween, mAb 
in 100 ,ul/vvelS of FLGM was added and the solution was incubated at 37 C for 
1 hr. The piatcs were washed three limes with PBS, then ^^sj.jabeled HuIFN-^ 
in 100 /d/well of PBS containing 0.2% BSA and ABM was added. The plates 
were incubateil at 37 C for 2 hr, then washed three times with PBS/Tween. The 
wells were cuJ and the radioactivities were counted in a gamma counter. 

^-^Mabeled HulFN-y binding to FL cell receptor, FL5-1 cells were seeded in 1 ml/ 
well of FLGM on 24-welI plates and incubated at 37 C overnight in humidified air 
containing 5^*; CO-j. The monolayers (5 x 10^ cells/well) were then washed once 
with cold FLC M on ice, 0.4 ml/well of issM^beled HuIFN-r in FLGM containing 
25 mM A'-2-hYdroxyethylpiperazine-A-'-2-cthanesuifonic acid (HEPES) and genta- 
micin sulfate (50 ,ug/ml) were added, and the plates were incubated at 22 C as 
indicated. Weils were washed three times with cold PBS, and the cells were solu- 
bilized in 1 ml/well of \ % SDS at 37 C for 10 min and the radioactivities were 
counted in a ^amma counter. Specific binding was measured in the presence of 
excess unlabeled HuIFN-j'. 

Protein a^sajK The protein content was determined by a micro-nnethod using 
Coomassie bri^iant blue G250 (Eastman Kodak Co.) with BSA as a standard (26). 



mAb 



Reactivity 0/ 

Firstly, it 
with HuIFN- 
(F^56)), but 
Experi 
and immune 
mAbs reacted 
doses respectiv 
rHuIFN.j' (F, 
(unlabeled 
the sensitivity 
(rHuIFN-a2 
system. 

The anti 
concentration 
rad 

tracer bound 



RESULTS ANU DISCUSSION 



to Various NuIFNs Characterized in Liquid-Phase System 
was ascertained that n-L\bs, E4-18, G4-15, and SAT-1, all reacted 
nHuIFN-7% rHuIFN-;-, and glycosylated rHuIFN-r (rHuIFN-r 
with HuIFN-« and HuIFN-/i. 
were done with incubation of ^^si.jabeled HulFN-;- in solution 
<:omplex was precipitated by pansorbin. In this system, the three 
with the above three kinds of i25X.iabeled HuIFN-;- at effective IgG 
:^iy. The result of competitive radioimmunoassay using i25|.Jabcled 
:>6) as a tracer is shown in Table 1. The competitor concentration 
c-7-s) giving 50% inhibition of tracer-antibody binding showed 
this system. No displacement was seen with other types of HuIFNs 
rHuIFNV, 1.5x105 lu/ml each) with all three mAbs in this 



V 
not 

imej Its 



Hi I FN 
of 



and 



ibjody 



affinity constant (K) was calculated from the molar competitor 
jiving 50% inhibition of tracer-antibody binding in the competitive 
loimmunoa^say, the molar tracer concentration in the assay, and the amount of 
the absence of competitor by following the method of Miiller (17). 
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Table 2. Tlic binding ininbiiion of >::-^I-Iabcicd Hull-N-r by mAbs on niAb-coatcd plat« 



Bound" > 



mAb in incubation mixtute 



Piaics coated with mAb 



no 

E4-18 
CM- 1 5 
SAT-1 



Ei:4-l» 
2.175:1.734 

232;; 40 

4,431- r>()2 



G4-15 

2J3fi,-359 
42(i:r 21 
155- 17 

I,120-r 4<i 



SAT-1 
2,2794 39 
1.597 :t: 264 
K136n: o3 

1394: 17 



No 
208 ; 33 



"* Mean cpm- standard dt-viations (ti iplicaic). The coating of niAb and block- 
ing procjrdnre are The same as in Fig. 1. 1.06 . ', 1(H cpm of ' -in-labeled HulFN-r 
(Fp6) (000 cpm/IU) and mAbs (I //g IgG/well) were prcincubatcd at 37 C for I hr 
in 100 /(l/vvell ofFLGM on 96-we!l plates, transferred to prc-coated flexible plates, 
and incabaicd at 37 C for 2 hr. The plates were washed three limes with PBS/Tween, 
cut, and the radioactivities were detei^incd by a gamma counter. 



The K values 
thre^ 



were for eompetitoi-s, rHuIFN-/ (1^56) and iHuIFN-r- As seen in 
mAbs are relatively high affinity antibodies, SAT-l having a higher 
k" value than! E4-18 and G4-15.' The difference of the K values between both 
"kinds of TiuIHSs, glycosylated (rHuIFN-r (F,56)) and ncn-giycosylated (rHulFN- 
f). was -not si^ificant with E4-18 and G4-15 mAbs, but it was fairly significant wUh 
SAT-T mAb, which had a higher value to the glycosylated than to the non-g!yco^ 
svlated one. kt shows that the epitope region of SAT-1 mAb is in a peptide part, 
and is more Responsive to glycosylated form of HuIFN-r- This would probably 
result from a jJifTerence in lcrliai7 structure of these two. Therefore it is possible 
that the affinity of SAT- 1 changes in corresponding to the degree or a difference 
of giycosy!ati4>n of HuIFN-rs which are produced in different cells. 

The Epitope D 'fference between Three mAbs 

To characterize a difference in epitope specificity among mAbs, the binding 
inhibition by one mAb of i25i.iabeled HuIFN-r was examined on the other mAb- 
coated plates. On coated wells, the preincubation mixtures of ^^SMabeled rHu- 
IFN-r with or without excess molar concentration of the mAbs were added, 

and further iticubatcd. As shown in Table 2, when the same mAbs were employed 
the amounts of labeled HuIFN-r decreased to the level of the non-specific binding 
(no coating vfith mAb) in the cases of G4-15 and SAT-l. In the case of E4-18, 
however, binjiing inhibition was unexpectedly weak; the reason is not clear, but 
it may somehbw result from the characteristics of this mAb in solution on the mAb- 
coated platesi Setting this aside, in the case of £4-18 coated/G4-15 mixed, and 
G4-15 coated/E4-18 mixed, the amounts of labeled HuIFN-r decreased almost 
to the same ikcl as that of non-specific binding to indicate that both mAbs, E4-18 
and G4-15, fecognize an overlapped region of HuIFN-r, which is remote from 
a region of s]aT-1. Moderate binding inhibition was also observed in the case of 
G4-15 coated /SAT-1 mixed, SAT-1. coated /E4- 18 mbced, and SAT-1 coated/G4-15 
mixed: this nay indicate a slight overlap in their epitope regions, but if considered 
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Table 3, Binding of i-^^l -labeled Hull'N-r to G4-15 mAb: Competition 
by synthetic peptides of HuIFN-;'** 



Competitors 
Cone. (/'M> 



None 

nKuIFN-r, 1 > h-^ lU/ml (0.02) 
3y flo-* lU/ml (O.or.) 
1 y ]p lU/ml f0.20) 
Synthetic pepttc^cs 
9-26, 5 /jfg/nil 
16-27. 5 i/g/ml 
40-47. :y //g/ml 
84-95, 5 ifg/ml 
None/no mAb 



Bound'** 

244 d, 
189- 
100^- 



28 
l(i 
30 
18 



(2,2) 
(3.3) 
{4.4) 
i3.2i 



49 

G 



cm 

1,343 
1, 229^^1 66 
L2044, 57 
270:^130 



"«> Experiment ivas performed with '-iq-labek^ nHuIFN-r (3.6x10^ cpm/36 



IU/100 /a/wcll, 1.1 
protein), and G4-LS 



10' cpm/7ig protein), unlabeled nHuIFN-;- (2 -10' lU/mg 
IgG (0.3 //g/ml) in a solid-phase binding assay on plates coated 
iih R/(MlgG. Details arc described in ^*^L\TERL^LS AND METHODS." 
Maximum binding was 2,083 cpm with 10 //g/ml orG4-l:> IgG. 
^> Mean cpm :^'siandard deviations (duplicate). 



as a difference of the cqaling efficiency of the mAb (described below in ^'Sandwich 
radioimmunoassay"), the results would not be sufficient to prove it. And it would 
rather likely come from higher aifinity of SAT-1 mAb than the other two. 

I 

Demonstraiioti of the EpitQ^e of 04-15 mAb 

To determine the e^pitope region of the mAbs, competitive binding assay by the 
synthetic peptides was performed in solid-phase system using i^s^.^abeled HuIFN-?- 
and unlabeled mAb oJ RaMIgG-coaied plates. The four synthetic peptides used 
were prepared by Shiijiizu who took into account the hydrophilic regions of the 
cDNA-predicted sequence of HuIFN-r (6) to be intrinsic for antigenicity (7). As 
shown in Table 3, the! binding of i^sMabeled nHuIFN-r to G4-15 mAb was in- 
hibited by synthetic pdptides N9-26, but not by N16-27, N40-47, or N84-95, An 
approximately 100-fold!, or more, excess concentration of the peptide was required 
to inhibit the binding; as compared to that of unlabeled HuIFN-r. The results 
suggest that the epitopfc of G4-15 mAb is in the N-terminal region around N9-26. 



Russell et al (24) repc 



rted that the N-terminal end of MuIFN-?- is an important 



antigenic region. A similar experiment was performed with SAT-1 mAb, but no 
significant inhibition was observed. 

Sandwich Radioimmunoassay of HuIFN-j Using Double mAbs 

Sandwich radioinimunoassay of HuIFN-;- was examined in making use of the 
mAbs. HuIFN-r saniples were sandwiched with i25i_iabeled mAb on the plates 
precoated with anothe^ mAb, 

The combination jof ^SoMabeled 04-15 IgG and E4-18 IgG coating could be 
used, but the sensitivity was not high, as shown in Fig. la. Since the epitope 
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32 



T3 

c 



o 

CD 



10' . 10'^ lO"" 10' 
HulFN-V added ( lU/well ) 

Fi,. , . Sandwich rad,oin.m«noa.s.ay u.in, double .nAbs a, f !^^0^ 
F.56„ wl placed in wells coau-d with E4-18 IgCi. '"^''^.'-''^f^ti^Jl'^-^- 1 ll^^^ 

com' 8 ng 100 nl.-wcll) was added, b) On E4-18-coated wclLv '-'I"'^^'*;^ j'-^^.V,^^ 
■n 10^ lr«/1.3 n,;=.0 ,,1/weir, wa. added. The experimental procedure >s d-^'^c^ ' 

"MA-mMAlJs AND METHODS.- Kacl. poinx .epresen.s .he mean cpm of dupluace 

dtMc-r mi nations. 

.Cions of tho^c m.Abs arc overlapped and HulFN-," ^l^^'f f 
in neutral solution. U must be that the binding of-^Mabeled G4-15 ^ o-^'^'^; 
coated plates is based on the dimer form of HuIFN-,- as reported by Le et al ( 2 
C her con.binat.on. SAT-l IgG as a tracer and E4-18 ^ 
bidder sensitivity as shown in Fig. lb. The lower detection hn.it va 100 IL/ml 
o HuIF^-r (F 56) in the former combination, and 0.4 lU/ml m the latter The 
b ndin"of U-labded rHulFN-,- on E4-18-coated well was found to have a plateau 
al a co-ncentrltion of 3 ;.g/ml (70 ng/well retained). The combmat.on of SAT-l,, 
E4-18 can bejused as a sensitive and accurate assay. , p 

With the,' other combination, that is, V35i.,abeled SAT-l IgG and SAT-l IgG 
coatin. therl was no binding at all, as was also the case wUh the combination of 
SriTabeled ^4-15 IgG and IaT-1 coating. Even if two mAbs had a difference m 
epitope spec-.city. or HuIFN-r molecules existed as dimers (or oligomers,, the 
rdTich'adioimmunoassay does not necessarily work as it dep-d-n th o 
figuration of m.\bs. S.\T-! is suitable lor using as a tracer but no. fo, coating. 

Neidralizalion of Antiviral. Aclivity ; ^ „ .p.- Their neu- 

The thrie m.\bs all neutralize the antiviral activity of HuIfN-r- Then ncu 
tralization efcct was examined by adding a fixed amount of the IgGs at several 
oncentratioL to serial 2-fold dilutions of nHulFN-r Complete neutrah^^^^^^^^ 
was aclueved with all three mAbs, but at different IgG doses ^ATM neutial.zed 
at a lower concentration than did G4-15 and at a much lower dose than did E4 1 8. 
as shown in Table 4. The SAT-l IgG concentration required to ^^d^ce the Ih^ 
"er to one dx.y-fourth was approximately 80-foId the molar excess of antibody to 
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Tabk- 4. Neutralisation by mAbs of antiviral at iiviiy oi'HulFN-) "' 



mAbs 
IgG cone. 

100 
'if) 
10 

1 

0.2fi 



I FN nevitraiizcd tN;^' 



E4-18 

80 
20 
8 



04-15 

(i4 
32 

H 

4 



SAT-l 



320 



Serial 2-roId dikuions ofnHiilFN-;- samples were mixed with mAbs at the 
several concentrations indif-ated in 100 /il/'\vcl! ofFLGM and incubated at 37 C for 
i lir. Samples (in. duplicate) were transferred to FL monolayers on microplates, 
incubated at 37 C overnight- and processed by I FN assay. 

N, I FN concentration (EU/ml) reduced to 1 EU/ml by aniibody iRj. 



HuIFN-r, if assuming tnoidcalar weight of nHuIFN-;-, 25,000, and its specific 
activity, 4x10* lU/mg protein. 

With respect to neutrali*/ation of mAbs against natural or recombinant Hu- 
IFN-^-s, Liang et al (13) reported that mAbs BGl to BG5 reacted more effectively 
against rHuIFN-T- rather than nHuIFN-T-; the reverse was true with a mAb named 
GIFl reported by Le et al (1 )) : arid a mAb named B3 was reported by Le et al (10) 
to react equally against both ;HuIFN-j-s. In the present study, the results (Table 1) 
show SAT-1 mAb reacts more effectively lo glycosylated than to non-glycosylated 
HuIFN-7", and the difference is not marked with E4-18 and G4-15 mAbs. Therefore 
efficacy of SAT-1 for neutralization may be changed with the difference of glyco- 
sylation of HuIFN-;- moleciiles. 

Preincubation of mAb and HuIFN-j' seemed to be somewhat effective, that is, 
in one experiment using G4-15 mAb, there was observed a certain difference in 
neutralization with or withoiJt preincubation. 



examined the binding of ^-^ 
at 22 C reached a plateau at 



was estimated to be 2.45 x 
When i^^Mabeled rKi: 



^^^^I-Labeled HiiIFN-j Binding to FL Cells: Inhibition of the Binding by mAbs 04-15 
and SAT'l 

Before testing the mAbfi inhibition of the receptor binding of HuIFN-/, we 
-labeled rHuIFN-;- to FL cells. The specific binding 
3 hr (data not shown). The specific binding for 3 hr 



is shown in Fig. 2. The Scafchard plot (25) of this data is shown in the inset. Kd 

0-» M with 99,600 binding sites/cell. 
:FN-;^ (F^56) was preincubated with each mAb, and 
FL cells were added, the binding was inhibited by both G4-15 and SAT-1 mAbs, 
as shown in Fig. 3. The lialf maximum inliibitory doses of the mAbs (ID50) 

15) and 0.23 nM (SAT-1). The ID50 of SAT-1 mAb 
was nearly the same orderj of the concentration of HuIFN-;- in the incubation 
mixture. Neutralization of kntiviral activity by SAT-1 must result from its effective 
inhibition of the binding of HuIFN-r lo receptor sites. The ID50 for G4-15 mAb 
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Fig. 2. i^si.iabelcd HulFN^v binding 10 FL recopiors. Connucnt FL monolayers (24-wcn 
plaies) were incubated with increasing eoncentraiions of i2n].|abeled rHuIFN-j- (0,6 r- 10* 
epin//ig protein, eOSjcpm/IU) in 0,4 ml/wcIl ofincubaiion medium with or without 170-fold 
excess of unlabeled ^HiilFN-r at 22 C for 3 hr. The experimental procedure is described 
m -MATERIALS AND METHODS/* Each point represents the mean cpm of triplicaie 
determinations (standard deviations of the points averaged 5.9%). Non-specific binding 
was subtracted (24?;> average). The inset shows Sratchard plots of this data. 



It;-- -i^. 



V 




10'^ 10-2 10-^ 10° 10^ 
I IgG (pg/mt) 

Fig, 3. Receptor binding inhibition of ^^^Mabclcd HuIFN-r by G4-15 or SAT-1 mAb. | 

i2n-Iabeled rHuIF^^-7• {F,56) samples (3 v 10« cpm//^g protein: 613 cpm/IU) were pre- I 

incubated with mAbi, G4-15 (#) or SAT-1 { Q ) in indicated concentrations at 37 C for 1 hr. i 
The mixtures (2.5 xlO"* cpm/4i IU/0.4 ml/wcil) were added to FL cells and incubated at 

22 C for 4.5 hr. Each point represents the mean cpm of duplicate or triplicate (no mAb) } 

determinations. Thejaveragc standard deviation for all the values was 6.5% of the counts. ] 
Non-specific binding (determined by addition of xmlabeied HuIFN-r) was subtracted. 

was about 60 times thjt fbr SAT-1 mAb, and neutralization by the former required | 

about a 100-fbId higl^er concentration than by the latter. Thus, the efficacy of } 

G4-15 and SAT-1 mAbs for receptor binding inhibition corresponds respectively [ 

to that for neutralization. ' \ 

If the best use is made of their different characteristics as described here, the \ 

three mAbs vvill be useful in analysis of various effects of HuTFN-j- on cells and of } 

the structure-function Liaiionships. ! 
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Exhibit B 



THE MOUSE/HUMAN CHIMERIC MONOCLONAL 
ANTIBODY cA2 NEUTRALIZES TNF IN VITRO 
AND PROTECTS TRANSGENIC MICE FROM 
CACHEXIA AND TNF LETHALITY IN VIVO 



Scott A. SiegelJ'^ 
S. Woulfer^ 



David J. ShealyJ Marian T. Nakada.- Junming Ley Donna 
Lesley Probert,^ George Kollias/ John Ghrayebr Jan 
; Vilcek/ Peter E. Daddona'^ 



The pleiotropic cytokine tJmour necrosis f actor-a (TNF) is tlumght to play a central role m 
infectious, innammatory arl autoimmune diseasesXritical to the ^ 

ment of TNF-associated pathology is the development of highly specific agents capable of 
modifyingTNFactivity.wJevaluatedtheabilityofahighaffinitymouseAiumanch 
TNFmonoclonalantibody<cA2)toneutrali2etheinvitroandinvivobiologicalel^^^^^ 
cA2 inhibited TNF-induced mitogenesis and IL.6 secretion by human fibroblasts, 
priming of human neutrophils, and the stimulation of human umbilical vein endothelial cells 
by TNF as measured by the expression of E^selcctin, IC AM I and procoagulant activity cA2 
also specifically blocked TNF-induced adherence of human neutrophils to an endothelial cell 
monolayer. Receptor binding studies suggested that neutralization resulted from cA2 block- 
ing of TNF binding to bo^th p55 and p75 TNF receptors on the cells. In vivo, repeated 
administration of c A2 to transgenic mice that constitutively express human TNF reversed the 
cachectic phenotype and Prevented subsequent mortality. These results demonstrated that 
c A2 effectively nentralizeSa broad range of TNF biological activities both in vitro and in vivo. 



Tumour necrosis faclor-a (TNF) js a cytokine thai 
exhibits a pleiotropic spectrum oil activities, with 
receptors found on virtually all cell types examined.' - 
The natural functions of TNF are thought to include 
modulation of the host immune and inflammatory re- 
sponse to a^variety of infecliousj malignant and 
autoimmune conditions as part of a complex regula- 
tory mechanism in which numerous other cytokines 
participate.^ While initial TNF exprc^.ion in response 
to infection or injury would be considered beneficial, 
excessive production, usually by activated monocytes 
and macrophages, can result in significant pathological 
changes. 
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TNF has been implicated as the primary mediator 
in bacterial sepsis since it is the first proinflammatory 
cytokine detected in primate and human volunteer 
studies where serum cytokine levels were measured 
after administration of endotoxin."' Administration of 
TNF to rodents and dogs induced a profile of 
pathophysiological changes and lethality similar to thai 
seen after endotoxin challenge.' ^ Neutralizing anti- 
bodies to TNF have been shown to prevent physiologi- 
cal changes and death in animal models of endotoxin 
and bacteremia.' 

There are also a number of autoimmune disorders 
in which TNF appears to play a significant role,'^"'- but 
the evidence is most persuasive in rheumatoid arthri- 
tis." Rheumatoid arthritis (RA) is characterized by a 
chronic inflammation of the synovial lining of multiple 
joints. Synovial cells proliferate along with infiltrating 
inflammatory cells and vascularity increases markedly. 
Ultimately, the release of degradative enzymes results 
in irreversible erosion of the bone and cartilage com- 
ponents of the joint.'^ Levels of TNF are not only 
elevated in synovial fluid from the joints of RA pa- 
tients'- but cells from the synovial fluid continue to 
produce TNF when cultured in vitro,'' Perhaps the 
most direct evidence that TNF plays a pivotal role in 
the development of arthritis was obtained by the con- 
stitutive expression of TNF in transgenic mice.-" Such 
mice develop chronic inflammatory polyarthritis at a 
specific age (depending on the transgenic mouse line) 
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and with a 100% phenotypic penetrance. Thus, TNF 
appears lo be an attractive target^ and an antibody 
which efficiently neutraUzes human TNF may be an 
effective treatment in RA.^" 

We have previously described the construction of 
a chimeric mouse/human IgG, monoclonal antibody 
which binds to TNF." This antibody, designated cA2, 
exhibited high affinity and specificity for TNF and 
neutralized both recombinant and natural human TNF 
in the standard assay of TNF cytotoxicity. cA2 was also 
shown to be highly species-specifjci neutralizing TNF 
from only humj^ns and chimpanzees. The salety and 
potential efficacy of cA2 in treating autoimmune dis- 
orders is currently being evaluated in human clinical 
trials.^-'-' 

In this study we examined the effect of c A2 on the 
in'vitro biological activity of TNF and on TNF-receplor 
interactions. The ability of cA2 to .T.Ldulale the in vivo 
activity of TNF was also investigated using an estab- 
lished transgenic mouse line that develops a cachectic 
phenotype and accelerated mortality due to constitu- 
tive expression of humgkirTNF,-^ 

RESULTS ^ ~ 
Effect ofcA2 on TNF^Smulated ^8-4 fibroblasts 
The fibroblast cell line FS-4 proliferates and sc- 
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TABLE Vr^ Njputralization of TNF-induced IL-6 secretion by fibroblasts 



cretes fL-6 in response to recombinant human TNF-a 
(TNF).-'^' As shown in Table 1 , TNF at concentrations 
ranging from 0.3 lo 7.5 ng/mL induced FS-4 fibroblasts 
to produce lL-6 levels ranging from 1300 to 2500 pg/mL. 
When cA2 was added to the medium at the same time 
as TNF, the induction ol' IL-6 was completely blocked 
at the 03 and 1.5 ng/mL TNF dose levels, and only a 
small amount of IL-6 was detected (300 pg/mL) at the 
highest (7.5 ng/mL) TNF dose. The control antibody 
had noelfeci. 

Similarly. cA2 was shown to block the mitogenic 
clTecl of TNF on FS-4 I'ibroblasls (Table 2). When 
cA2 was added to the cuhure medium with TNF, 
proliferation was blocked at all three TNF levels tested 
(0.1, 0.5 and 2 ng/niL). The control IgG had no 
effect on the TNF-induced proliferation of FS-4 
fibroblasts. A significant difference (P<().03 at all con- 
centrations) was demonstrated between the cA2 and 
control groups using the nonparametric Wilcoxon test. 
In additional experiments, cA2 also completely inhib- 
ited mitogenesis at TNF concenlralions up to 8 ng/mL 
(data not shown). 

Effect of cA2 on TNF -stimulated human umbilical 
vein endothelial (HUVE) cells 

HU VE cells produce a procoagulant activity (PC A) 
when exposed lo TNF which appears lo be related to 







IL-^> prixluclion (pg/ml.) 






Amibody 


No TNF 


0.3 ng/mL TNF 1.5 


ng/niL. TNF 


ng/ml.TNF 


None 


<2(M) 




2()(X) 




Conirol 


<2(K) 


!60() 


1%0 


2160 


cA2 


<2()0 


<2(K) 


<20() 





Recombinanl human TNF. prcincu hated wiih or withoul 4 pg/mL cA? or control jntihody. w;is 
added (o cultures t*f FS-4 humun fibroblasts. After IX h incubiUion. IL ft IcwK in ihi: suptfrniitiini 
were deterniineu ftv immunoiissav, 



TABLE 2. ^jeut^aiizat^on of TNF-induced mito|^nesis in fibroblast cultures 



Cell Density. (CD 630 nm x U)-) 



Antibody 


No TNI- 


0.! ng/niL TNF 


0..S ng/mL TNF 


2.0 ng/mL. TNF 


None 


36 ± 1 


50 1 


55 2 


63 t 1 


Contsol 


35 ± 2 


49 ± 1 


54 i 1 


63 t 1 


cA2 / 


39 1- I 


37 :i: 1 


39 - 1 


4i z 2 



FS-4 human 
with or without 4 
determined by 
welts. 



fibroblasts were seeded in plates. Recumhinani human TNI", preincubnled 

i^'mL cA2 <tr control antibody, was :)dded to the cultures ;ind cell density was 
stai ling 5 days later. Data represent the mean ( i: standard deviiition) o( quinlupHcale 
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tissue factor upregulation.-** After the cells are lysed by 
freezing and thawing, PCA can be detected by measur- 
ing the clotting time of plasma to which calcium and 
cell lysate have been added. Figure 1 shows that while 
a clotting time of about 130 sec is obtained using an 
unstimulated HUVE lysate, addition of lysate from 
HUVE cells exposed to 25 ng/mL TNF for 4 h at 3TC 
shortens the clotting time by 50%. This reduction in 
clotting time was blocked by the addition of cA2 in the 
HUVE cell medium during the time of TNF exposure. 
A final cA2 concentration of 0.37 ^g/niL could com- 
pletely neutralize T*NF-induced PCA while isoiype- 
matched control IgG at 10 |ig/mL had no effect. 

TNF also acts on HUVE cells by inciucing the cell 
surface expression of the adhesion proteins E-sclectin-" 
and ICAM-l."*' Peak temporal expression of these 
surface antigens varies, however they can be individu- 
ally quantified using specific monoclonal antibodies. 
The observed levels of TNF-induced E-selectin and 
ICAM-I expression on the HUVE celj surface were 
reduced in a dose-dependent manner by the inclusion 
of cA2, while control IgG had no effect 'iFig. 2). Induc- 
tion of peak E-selectin expression (measured at 4 h) 
was fully abrogated by 0.5 Hg/mL of cA2|(Fig- 2 A), and 
complete blocking of peak ICAM-1 expression (at 23 h) 
required O.l ^g/mL of cA2 (Fig. 2B). j 

In vivo, the expression of E-selectiii and ICAM-1 
by endothelial cells exposed to TNF resii^ts in the bind- 
ing of circulating neutrophils and e ventua extravasation 
into the surrounding tissues.^* In order to determine if 
c A2 could effectively block the adhesion of neutrophils 
in an in vitro system, HUVE cell monolayers were first 
exposed to TNF in the presence and at}sence of cA2 
for 4 h, then exposed to isolated human neutrophils. 
After washing, the percentage of neutrophils that ad- 
hered to the HUVE cells was deterrpined using a 



TNF.-tiimuluted 
TNF* 0.12 MK'niLcAli 
TNK * 0.37 MK/niL cA2 
INK* 1.1 M(^mLcA2 
TNF + 3.3pg/mLcA2 
TNK + 10 iiir'mL wmml Mah 




50 

Clotting time. 



seconds 



Figure 1. Effect of cA2 on the production dt rliTNF-tnduccd 
procoagnlant activity by HUVE cells. 

cA2 or control aniibody were prcincubated 30 min al room 
temperature with 25 ng/mL rhTNF prior to cell sti nulaiion for ^1 h lU 
37*0. Procoagulant activity was measured by dclcr nining the cloning 
lime of recatcified human plasma after addition of i he treated HUVE 
cell lysates- Data shown are the mean of duplicatt wells ± SEM. 




neutrophil-specitic myeloperoxidase assay. When 
treated with TNF alone, neutrophil adherence increased 
52%. a fourfold increase over unstimulated HUVE 
cells (Fig. 3). Increasing amounts of cA2 reduced the 
degree of neutrophil adherence in a dose-dependent 
manner, while 3.3 |ig/mL of control IgG had no effect. 
cA2 had no effect on neutrophil adherence to HUVE 
cells treated with !L-1 or LPS, demonstrating that the 
inhibitory effect of cA2 is directed specifically at TNF. 

The inhibition of TNF-induced neutrophil adher- 
ence was also apparent by phase contrast light 
microscopy (Fig. 4). Neutrophils can be identified by 
their rounded, highly refractile appearance as opposed 
to the flat morphology exhibited by the HUVE cell 
monolayer. In Panel A. unstimulated HUVE cells show 
few adherent neutrophils compared to HUVE cells 
stimulated with TNF (Panel B). The presence of con- 
trol IgG during TNF stimulation (Panel C) had no 
effect, while the presence of 3.3 fig/mL of cA2 during 
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Figure 2. Neutralizalion of rhTNF-inducvd HUVE cell E-selectin 
and ICAM-I expression by cAZ 

Sorial dilutions ol cA2 (•) or conlrnt anlibodv { O) were mixed with 
1 0 ng/mL (if rhTNP and used to stitnulate endothelial cell monolayers. 
E-selcctin (Panel A) and iCAM-l (Panel B) were detected after 
siimulaiion for 4 h and 23 h. respectively, using '-^I monoclonal 
antibodies specific for each adhesion protein. Data shown are the 
mean of (ripiiciiie wcHs ± SEM. The values obtained on unsiimuJated 
cells were 736 :t 65 cpm for E-selectin ai 4 h and 1723 ± I49cpnfi for 
ICAM-i ai 23 h (shown by dashed line). 



AUG-10-2000 23:21 



TDI LIBRARY SERUICES 



310 268 0701 P. 06 



18 / Siegeletai 



UnKtimulAted 
TNF .stimulatfd 
TNF + 0.12m6/"'LcA2 
TNK ♦ 0..*J7 p«/mL cAZ 
TNP+ 1.1 Mt,'/mLcA2 
TNF + 3.3 MB^mL cA2 
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Figure 3. NeotraRzation of rhTNF-indoced human neulrophil 
adhesion to HUVE cells by cAl 

HUVE cell monolayers (about 3 X 10-Vells per well) were slim uliilcd 
for 4 h with rhTNF (250 ng/mL), IL- 1 ot (40 uiiils/mL), J5 LPS ( 10 ng/ 
mL) or medium aione (unstimulated), Incubations were performed 
in the presence or absence of the indicated conceniraiions of cA2 or 
control antibody. After washing, the siiimulated HUVE cells were 
incubated an additional 45 min with human neutrophils ( 1 x 10" per 
well), and the number of neutrophils bound Jo the HUVE cells w;is 
determined by the myeloperoxidase assay, Thp data shown represents 
the average of triplicate wells :t SEM. 
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TNF stimulation (Panel D) markedly reduced the . 
number of adherent neutrophils. ; 

Effect of cA2 on TNF priming of human neutrophils 

In vitro, TNF primes human neutrophils to pro- 
duce superoxide upon subsequent stimulation with 
the chemotactic peplidc f-met-leu-phe (FMLP).^- The 
ability of cA2 (o abrogate the TNF-priming phenom- 
enon is shown in Figure 5, In the absence of cA2,TNF- 
primcd (2 ng/mL) neutrophils produced as much as 
4()-45 nM superoxide upon stimulation with FMLP, 
TNF alone induced little or no superoxide production. 
cA2 was able lo reduce the TNF-induced priming phe- 
nomenon in a dose-dependent manner, with levels as • 
low as I jig/ml able to reduce superoxide production to 
the level typically seen with unprimed FMLP-stimu- 
laled neutrophils (7.85 nM in the experiment shown). 
Incubation of up to 1 00 ^g/mL of control antibody with 
TNF had no effect on the subsequent production of ; 
superoxide upon FMLP stimulation (data not shown). 




ngure 4. Phase contrast 
rhTNF in the presence and 



mcrographs demonstrating neutrophil adherence to HUVE celts stimulated with 
al{sence of cA2, 



HUVE cells were stimulated 
3.3 M-g/mL control antibody 
human neutrophils to adhere 
at lOO-fold magniftcation 



for 4 h with medium alone (A). 25(1 ng/mL rhTNK (B). 250 ng/mL rhTNF and 
or 250 ng/mL rhTNF and 10 ^g/'niL cA2 (D). After stimulation, the ability of 
I o the HUVE cell monolayer was assessed. Phase conira.st micrographs werv taken 
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0 0.0001 O.OOl 0.0] 



Figure 5. Effect of cA2 on Ihe ability ofjrhTNF to primf 
human neutrophils. 

Neutrophils (2.5 x \ir colls per mL) were primed wiih 2 ng.'ml. 
rhTNF in ihe presence ol' cA2 lor H) miii. ihen itic nouirophil 
aciivaior FMLP (0.1 ^iM) (•> ^^i" medium (O) was added :md the 
incubation comtnued for 10 min. Superoxide ion production was 
delected via the oxidation of cviiKhromc C The data represeni the 
average of duplicalc wells with ihe background, signal observed in 
parallel samples containing superoxide dismuiaso subtracted. 
Superoxide ion production by unprimed neutirophils exposed lo 
FMLP was 7.K5nM. 



Effect ofcAl on TNF binding to receptor 

The inhibition of TNF biological iactivity by cA2 
presumably occurs as a result of the ability of cA2 to 
bind to soluble TNF, thereby inhibitirig its interaction 
with cellular receplors. In order to directly demon- 
strate this in vitro, experiments were performed using 
both a commercially-available TNF :|:ceptor binding 
assay and recombinant immunoadhesjon constructs of 
the human p55 and p75 TNF receptors. Figure 6 shows 
that cA2 inhibits the binding of radiolibelled TNF lo a 
preparation of LI937 monocytic cell mjembranes which 
contain TNF receptors. U937 cells have been previ- 
ously shown to express both the p^ and p75 TNF 
receptors.^^ cA2 inhibition was dose^ependenl, with 
50% inhibition observed at 0.1 jig/mU. 

Similarly, the binding of radio^belled TNF to 
recombinant constructs containing jhe extracellular 
domain of either the p55 or p75 T^F receptor was 
inhibited by cA2 (Fig. 7). Inhibition by cA2 was dosc- 
dependent, and 50% inhibition of binding to either 
receptor construct was evident at about 0.03 \ygimL 
cAl \ 

Effect of cA2 in a transgenic mous\ model 

Transgenic mice have been generated in which 
human TNF is constituti vely expresses i by their T cells.- 
These animals show elevated human TNF serum levels 
*0.01^7 units/mL) and develop a lethal wasting syn- 
drome resulting in 80%-100% mortal 
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Figure 6. Binding of ^-M.rtiTNF lo U937 evil membranes in Ihe 
presence of eA2. 

Wl membranes were incubated for 3 h at O^C with '^l-rh^N^ 
pM) and the indictited enncei)traiion of cA2. l-rhrNF 
bound lo membianes was then separated by filtration and 
counted D:ua ine expressed as the mean :t SEM (three experimems) 
pcrconi of binding in the absence of cA2 (1100 cpm). Bmdmg of 
'=1-rhTNF in the presence of lO ^ig/mL ncttativc control antibody 
was Slh - int.. Bindinii of '-M-rhTNF in the presence of 40 nM 
uniabelled TNF intms|i.Lific background) was 2b i »•>% (shown by 
dashed line). 




O.i.iii) n.it] t>. I 

cA2 l^i, pg/mL 

Figure 7. Binding of '-^I-rhTNF to p55 or p75 receptor fusion 
pr<»tcm in the presence of eA2, 

Serial dilutions of cA2 in 4 nji/mL '-M-rhTNF were incubated on p55 
(•) or p75 (O) rcceptor-eoaied microliter wells for 1 h at 37^C. Tlie 
data represeni die mean of duplicate wells. Binding of '-M-rhTNF m 
ihe presence of 10 \i^lvc\\^ nctiutive control aniibody was 2270 cpm. 



after birth. The ability of cA2 to prevent mortality in the 
transgenic mouse line Tg211 is shown in the survival 
curves of Figure «. Fhere was complete survival (15/15) 
to the 8 week cndpoinl in 3 week old animals adminis- 
tered c A2 twice-weekly at doses of 8 or 2 mg/kg. In the 
group administered the lowest.dose ofcA2,0.5 mg/kg, 
there was a final 93% survival rate (14/15). By contrast. 
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Tagure 8. Survival curvi's of rhTNF tran!^enic mice treated with 
0^ (O), 2 (A) and 8 (□) mg/kg cA2 IgO h' H mg/kg control anti- 
body (•). ; 

Treatments were given twice weekly beginning wi 3 weeks of iige iini.1 
continued for H weeks. . 



the control antibody group had a final survival rate of 
7% (1/15). The difference belwecnjthe least protective 
cA2 group (0.5 mg/kg) and the control group was highly 
statistically significant, log-rank P =j ().0(K)1 , The benefi- 
cial effect of cA2 was also evident when comparing 
weight gain between groups. Table p shows tte average 
weight for each group at study enttjy (week 3), at study 
mid-point (week 7), and at study termination (week 11). 
Animals in the three cA2 treaimjent groups showed 
significant weight gain throughout the 8-week study 
which averaged 134%, By contrast, the control group 
showed only a modest (49%) weight gain throughout 
the 8-week study. Even this modest weight gain in the 
control group may be an overestinrjation since the con- 
trol animals that died during the study may have expe- 
rienced the least weight gain; howdver. they were obvi- 
ously excluded from the later time! points. 



DISCUSSION 

In ihis study we evaluated the eficct of ihe chi- 
meric ami-human TNF monoclonal antibody cA2 on 
both the in vitro and in vivo biological activities of 
TNF. c A2 exhibited poient neutralizing activity against 
TNF-mediated effects on human fibroblast, neutrophil 
and endothelial cell cultures. In the bioassays exam- 
ined. 4 |jg/mL of cA2 was sufficient to prevent the 
biological effects of an optimal challenge dose of TNF. 
The effects of cA2 were dose-dependent and highly 
specific. Incubation of cA2 with TNF directly inhibited 
the binding of TNF to receptor-containing cell mem- 
brane preparations and lo recombinant constructs of 
the human p55 and p75 TNF cellular receptors. The 
neutralizing activity of c A2 could also be demonstrated 
in vivo, as evidenced by the ability of cA2 to reverse 
both the phcnoiype and accelerated mortality seen in 
transgenic mice that express the human TNF gene. In 
this case. cA2 efficacy was demonstrated in a chronic 
disease model by administering the drug over a period 
of 8 weeks. The potency of cA2 was evidenced by the 
suppression of mortahty and weight loss with cA2 doses 
as low as 0.5 mg/kg administered twice weekly. These 
observations support and extend our previous studies 
which showed cA2 to be a high-affinity, highly-spe- 
cific, TNF neutralizing antibody.- 

The data presented for cA2 are consistent with the 
previously reported lienefit of anti-TNF therapy in 
animal models of bacterial sepsis. Sepsis is a complex 
syndrome and it may be necessary to develop thera- 
peutic modalities which target multiple disease media- 
tors. Although clinical trials using passive anti-TNF 
immunotherapy are underway.^"' no efficacy data have 
been reported. 

How do these findings relate to the potential 
application of cA2 to human autoimmune disease? In 
the case of RA, TNF has been implicated as a primary 
mediator of the chronic inflammation, although other 



TABLE 3, Mortsllity and weight changes in TNF transgenic mice treated with tA2 



Group 



Study entry 
(Week 3)' 



Sludy mtdfH>im 
(week 7) 



Study terminal ion 
(week II) 



8 mg/kg cA2 

2 mg/kg cA2 

0.5 mg/kg cA2 

8 mg/kg conirol 
antibody 



Average 
wi(g) 

7.4 

9.3 

7.6 

10.0 



Number of 
Survivoi-s 

1.S 

15 

14 

4 



Average 
If>.t) 

I5.<J 



Number of 
Survivors 

)5 

15 

14 

1 



Avevitge 
wt (g) 

16.8 
14.9 



Three week oldTg2ll i: 
or an isoiypc matchcd 
animals. 



} ansgcnif mice expressing rhTNF (n 1^ per jiroup) were Injected twice weekly *ith nAZ 
Irol antilx>dy. Weights were measured weekly and arprescnt the iucrniie ttf survivinji 
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inflammatory cytokines are also important J** •^'^ TNF 
has been shown in vitro lo cause proliferation of 
synovial cells^ as well as fibroblasts-'' which could di- 
rectly contribute to pannus formation and fibrosis, re- 
spectively. This correlation is strengthened by the 
report that TNF is produced by cells at the cartilage- 
pannus junction" and is secreted spontaneously by 
cultured cells from synovial fluid from RA patients.'*' 
Thus, the ability of cA2 to block TNF-induced 
mitogenesis of human diploid fibroblasts, as well 
as their secretion pf IL-6, may be relevant to this 
phenomenon. Panitiis formation in dis<;ased joints is 
accompanied by increased expression of lCAM-1.'^ 
which can be upregulated by several cyipkines includ- 
ing TNF and lL-1, and leads to the infiltration of 
mononuclear cells. In the present study, cA2 has been 
shown to block TNF-induccd ICAM-1 (as well as E- 
selectin) expression by cultured human endothelial cells. 
The blocking by cA2 of [CAM-1 and E-selcctin ex- 
pression directly resulted in decreased 'adherence of 
human neutrophils to endothelial eel] monolayers. 
Neutrophils are numerous in synovial fluid from RA 
patients and it is likely that their activation leads to 
further necrosis of tissue. It may therefore also be 
important that cA2 can block the primingjof neutrophils 
by TNF. Although not investigated in tijis study, TNF 
also is involved in the induction of c^llagenase in 
synovial cells,^ the inhibition of prostag andin synthe- 
sis by articular chondrocytes^*' and the stimulation of 
bone resorption.'*" Moreover, it has bee n shown that 
the use of an anti-human TNF monoclpnal antibody 
completely neutralizes development of. disease in a 
human TNF transgenic model of arthritis The poten- 
tial for reducing RA joint disease usinj an anti-TNF 
antibody approach has also been demonstrated in a 
murine model of collagen-induced arthrit is.-" Mice were 
treated weekly with 10 mg/kg of anti-mui ine TNF anti- 
body, with treatment beginning either before immuni- 
zation with type 11 collagen or after imm unization and 
onset of clinical arthritis. In both circimstances, Ihc 
anti-TNF antibody reduced swelling of the paws and 
severity of disease by histopathological pssessment of 
the arthritic joints. 

While numerous cytokines such ?s TNF, IL-1, 
lL-6, GM-CSF and TGF-P have been! identified in 
joint synovial fluids of patients with RA,'** recent stud- 
ies by Feldmann and colleagues suggest hat TNF may 
regulate the levels of these other cytokines."'"'^-^ Earlier 
studies have demonstrated that TNF i! a potent in- 
ducer of IL-1 in endothehal cells** and nronocytes,^"* as 
well as of 1^6^*^ and GM-CSF.^' Cells lukured from 
the synovial fluid from the diseased joiiils of RA pa- 
tients continue to spontaneously produce bioactive 
lL-1. The addition of a polyclonal, neutralizing anti- 
human TNF antibody specifically reduced the levels of 
Moactive IL-lp produced.^ In a similar set of experi- 



ments, levels of bioactive GM-CSF were shown to be 
significantly reduced by the addition of neutralizing 
anti-human TNF antibodies to the media of cultured 
synoviocytes from RA patients.'- These results pro- 
vide a clear rationale for the evaluation of anti-TNF 
therapy in RA, and results from initial studies to assess 
safely and efficacy in RA patients are encouraging,-"* 

TNF also has been cited as a potential mediator in 
several other autoimmune diseases. Elevated scrum 
levels of TNF correlate with relapsing ulcerative colitis 
and chronic Crohn's disease^*^ and TNF in the stool of 
patients with innammaiory bowel disease may be a 
marker which correlates with disease activity;*" A tem- 
porary remission has been described in a Crohn's 
patient treated with cA2. In this case report, a Crohn's 
patient who was unresponsive to conventional treat- 
ment received two doses of cA2 ( 10 mg/kg) spaced two 
weeks apart. Over a period of ten weeks after treat- 
ment, the patient gained weight and showed reduction 
in standard indexes of disease activity as well as com- 
plete endoscopic remission. Symptoms returned ap- 
proximately 3 months after treatment. Anti-TNF anti- 
bodies have also been evaluated in experimental allergic 
encephalomyelitis (EAE), an autoimmune demyelin- 
ating disease in mice which mimics multiple sclerosis. 
Treatment of mice with neutralizing anti-TNF anti- 
bodies prevented transfer of EAE symptoms by a T 
cell clone'" and delayed relapse caused by bacterial 
superantigen.^' 

It should be pointed out that the precise molecular 
roic(s) of TNF in each of these disease slates remains 
to be elucidated, and that further understanding of 
localized versus systemic effects of this cytokine is criti- 
cal to the rational design of targeted anti-TNF therapy. 
This is particularly important as the role of TNF may 
be beneficial in certain disease states and under certain 
conditions.'- Highly specific, potent neutralizing agents 
such as cA2 provide a valuable tool for the elucidation 
of TNF biology in human disease, and may serve as 
new forms of therapeutic intervention in those cases 
where a causal relationship between aberrant TNF 
expression and disease pathology can be established. 
The results of the present study demonstrate the po- 
tential usefulness of cA2 and provide a rationale for its 
continued evaluation in human disease. 

MATERIALS AND METHODS 

Reagents 

The monoclonal chimeric mouse/human anti-TNF IgG, 
(cA2) antibody was isolated from concentrated hybridoma 
cell supernatant by Protein A-Sepharose chromatography 
and ion exchange chromatography. Chimeric mouse/human 
7E3 anti-plaiciei IgG,. chimeric mouse/human 17-1 A anti- 
tumour antigen IgG,, and chimeric mouse/human MT-412 
anli-CD4 IgG, wore also purified by Protein A-Sepharosc 
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chromatography and used as isoiype -matched, irrelevant an- 
tibody controls, Lyophilized, carrier free recombinant hu- 
man TNF (rhTNF) was obtained fron Dainippon. Osaka, 
Japan; from Suntory, Osaka, Japan: and from Biosource. 
Camarillo, CA. The anti-E-selec(in antibody HI 8/7 was a gift 
from Dr M, Bevilacqua. formerly at Brigham and Women's 
Hospital, Boston. MA. Anti-IC AM- 1 ariiibody#ll was a gift 
from Dr G. Riethmulier, University of Munich. Germany. 
HI 8/7 and #11 antibodies were iodinaled to a specific activity 
of 2-3 pCi/^g using lodobeads (Pierce, ^ockford, IL) us per 
the manufacturer's instructions. Huijnan umbilical vein 
endothelial (HUVE) cells were obtainejj from Cell Systems. 
Kirkland, WA. Ttic FS-4 fibroblast line|was established and 
has been maintained at the New York! University Medical 
Center. Recombinant constructs of theip55 and p7,'S human 
TNF receptors were a gift from Dr Bemlard Seal Ion. Depart- 
ment of Molecular Biology, Centocon Inc. Brielly. the p.55- 
sf2 construct contains the extracellular domain of human p55 
fused to eight amino acids of human antibody J sequence 
followed by all three constants domains|of human IgG 1 . h is 
disulfide bonded to a human kappa lighl chain constant 
region. The p75P-sf2 construct is the safne as p55-sf2 except 
it contains a truncated form of the extracellular domain of 
human p75. Both constructs were purified from cell culture 
supernatant by Proteiii Araffinity-chromatography. 



Cell culture 



Human umbilical vein endothelir'/;(HUVE) cells were 
grown in complete HUVE medium (Cell Systems. Kirkland. 
WA) containing 15% fetal bovine serum (FBS: Hyclone. 
Logan UT) supplemented with growth Factor (CS-HBGF-I/ 
H; Cell Systems, Kirkland, WA) on T-7 ■ "^tissue culture flasks 
(Coming, Coming, NY). All plasticware used for HUVE cell 
culture was coated first with attachment factor (Cell Sys- 
tems, Kirkland, WA) by wetting the surl ace with attachment 
factor and removing the excess fluid ^jrior to introducing 
cells. Cells were serially passaged by spl tting 1:3 in the same 
medium every 3-5 days and all assays were performed on 
cells at passages 2-4. 

FS-4 fibroblasts were grown in ntodified Eagle's me- 
dium (MEM) containing 5% FBS in T-!75 flasks. Cells were 
serially passaged by splitting 1 :5 in the s^me medium every 2 
weeks; cells at passage level 13 to 15 were used in the experi- 
ments. I 



10^cells/wellina%- 



Mitogenesis assay ^ 

FS-4 fibroblasts were seeded at 8 x 
well tissue culture plate in MEM contkining 5% FBS and 
cultured for 18 h at 37°C. Recombinant human TNF wa? 
diluted in complete MEM to final concentrations of 0, 0. 1 , 0.5 
and 2 ng/mL in the absence or presence of 4 ^ig/mL test 
antibody. The samples were preincubatejd for 20 min at room 
temperature, then 0.1 mL was added i 
and incubated at 37°C for 5 days. The cfells were rinsed with 
phosphate buffered saline (PBS) pH 7.^!, then fixed by add 
ing 50 nL/well of 10% formalin in PBS 
temperature. The fixed cells were then 
well of 0.05% naphthol blue black in 9 
sodium acetate for 30 min at room teriiperature. The cells 
were then rinsed thoroughly with dist lied water, and the 



for 15 min at room 
stained with 50 \i]J 
acetic acid. 0.1 M 



bound dye was eluicd with 150 pL/wcll of 50 mM NaOH. 
Absorbancc of the clulcd dye was determined at 630 nm. 

Assay for IL-6 

FS-4 fibroblasts were seeded at 2 X 10* cells/well in a %- 
well tissue culture plate in MEM containing 5% FBS and 
cultured overnight at 37"C. Recombinant human TNF was 
diluicd to final concentrations of i), 0.3. 1 .5 and 7.5 ng/mL in 
the absence or presence of 4 |jg/mL lest antibody. The sam- 
ples were pre Incubated for 20 min at room temperature, then 
O.i niL was added tt> duplicate culture wells and the incuba- 
tion continued for IS h. Hie cell supernatants from duplicate 
wells were pooled and stored at -20''C. The amount of IL-6 
present in each sample was determined using an ELISA- 
based plate assay (Quanrikine lL-6, R&D Systems, 
Minneapolis. MN) as described by the manufacturer, 

Procoagulant activity assay (PC A) 

The PCA assay was performed on HUVE cells plated at 
1.5 X 10- cells/well in 24-welI ti.ssue culture plates (Falcon) 
coaled with attachment factor. Confluent monolayers were 
washed three limes with 5(K) pL/well of RPMI 1640 (JRH 
Biosciences. Lencxa. KS) containing 1 % FBS and 0.3 mg/mL 
L-glulaminc (JRH Biosciences. Lenexa, KS). Antibody sam- 
ples were tested at 3.3, 1.1. 0,37 and 0.12 pg/mL for neutrali- 
zation of rhTNF at a final concentration of 25 ng/mL. 
Medium atone (no rhTNF) and medium plus 10 pg/mL cA2, 
were used as negative controls while medium containing 
rhTNF at 25 ng/mL (no antibody) was used as a positive 
control. All dilutions were prepared in complete RPMI 
medium and were pre incubated for 30 min at room tempera- 
lure prior 10 incubation with the endothelial cells. Test solu- 
tions were dispensed into duplicate wells, 500 pL/well, and 
incubated for 4 h at 37"^ The test solutions were removed 
with gentle aspiration and the cells were washed as described 
previously. Three hundred microliters of complete RPMI 
were dispensed into each well and the plates were immedi- 
ately frozen at -70''C. Cell lysates were prepared by thawing 
the plates at room temperature, resuspending all cell debris, 
and freezing and thawing each plate two more times. The 
plasma cli)tting assay was performed after equilibrating all 
reagents at 37''C. Clotting was initiated by mixing 0.1 mL of 
fresh, cilrated human plasma, 0.1 mL of cell lysate and 0.1 
mL of 30 mM CaCl , in a glass tube and incubating at 37°C. 
The lime required for the clot to form (by visual inspection) 
was recorded and the mean and standard deviation from 
duplicate cell lysales were calculated. 

Adhesion protein assays 

The E-selectin and ICAM-i assays were performed on 
HUVE cells plated at 5 X lO"" cells/well in 96-well tissue 
culture plates (Costar 35%, Cambridge, MA) coated with 
atlachmcni factor. Confluent mond^ayers were gently washed 
twice using a multi-channel pipeitor with 150 pL/well of 
HUVE medium. Twofold serial dilutions of cA2 or cl7-lA 
were prepared in medium containing 10 ng/mL rhTNF 
Medium alone was used as a negative control while medium 
containing 10 ng/mL rhTNF was used as a positive control. 
Test solutions were dispensed into triphcate wells. 100 \iU 
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well, and incubated for 4 h (E-selectin assay) or 23 h ( IC AM- 1 
assay) at 37°C The test solutions were removed with a multi- 
channel pipettor and the iodinated probes were added. Ex- 
pression of adhesion protein was detected by incubating the 
cells for 2 h at room temperature with anti-E-selectin 
antibody H18/7 F{ab\ or '='I-anti-lCAM-l #11 IgG diluted 
10 10 Mg/mL in complete HUVE medium (3(K)()()b cpm/lOO 
\lUwc\\), The cells were then washed 4x with RPMI-1640 
containing 10% FBS. and the well contents rolubilized and 
counted for in a gamma counter. { 



Neutrophil adhesion and priming assa 



says 
L If fresl- 




Neutrophils were isolated from 100 mL bf fresh human 
blood drawn into heparin. Ten millilitres of blood wore lay- 
ered onto 5 mL of Mono-poly resolving medium (Flow Labs. 
McLean. VA) in a 15 mL conical centrifuge tube and coniri- 
fuged at 750 x g for 30 min at rcxmi temperature. Additional 
cenlrifugalion for 30 min at 900 x ^ was generally required 
to completely separate the bands of cells. iThc top band 
containing T and B cells was discarded and the lower band 
containing polymorphonuclear cells was coliecied. The 
neutrophils were washed with Hank's buffered saline (with- 
out magnesium and calcium) and were resuspendcd in RPMI- 
1640/10% FBS. ; 

For the adhesion assay, HUVE cells grown in 24-wcl1 
tissue culture plates were stimulated for 4 K at 37X with 
rfiTNF (250 ng/mL), IL-la (40 units/mL; Gerzynie, Boston, 
MA) or E. call 35 LPS (10 ng/mL: List Biological Laborato- 
ries. Campbell, CA) in RPMM 640/10% FBS containing the 
indicated concentration of test antibody, or with medium 
alone. The HUVE monolayers, containing i boui 3 x 10^ 
cells per well, were then washed once and overlaid with 
0.1 mL of RPMI-1640/10% FBS containing 1 x \{r 
neutrophils. After incubation for 45 min at 37°C. the 
monolayers were gently washed three timej with RPMI- 
1640/10% FBS and then solubilized with 0.25 mL of 50 mM 
potassium phosphate pH 6.0 containing 0.5% 
hexadecyltrimethylammonium bromide (HTAB). The 
solubilized monolayer samples were then qu^titated using 
the myeloperoxidase assay in which known quantities of 
isolated neutrophils were processed in the sanie manner and 
used to generate a standard curve. Standard samples were 
analysed in duplicate while test samples were t jsied in tripli- 
cate. Reagents were added to the wells of a 96-wcll microliter 
plate in the following order: 55 \iL of 80 mM potassium 
phosphate pH 5.4; 15 pL of sample, standard of blank; 20 jiL 
f>f 0.3 mM hydrogen peroxide in 80 mM potassium phos- 
phate pH 5.4: 10 ^L of 16 mM 3.3\5.5'-teiramelhylben2idine 
in N, N'-dimethylformamide, The plate was indubated for 15 
niin at room temperature and the reaction stopbed by adding 
UL of 1 M phosphoric acid per well. The cpiical densitv 
of each well was read at 450 nm. Photomicroscopy of HUVE 
<:€ll monolayers at lOOx magnification was performed using 
biphase contrast Nikon IMT-2 inverted research microscope. 

Forneutrophil oxidative burst assays, 2.5 >: lO'-cells/mL 
*ere primed with 2.0 ng/mL rhTNF in the presence of the 
pleated concentration of lest antibody for 60 min at 37X. 
^med cells were activated (or mock-activated \ with 0. 1 fiM 
*^LP (Sigma, St. Louis. MO) for 10 min :,rC in the 
presence of 1 mg/mL cytochrome C (Sigma, St. Louis. MO), 
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The cells were then microcentrifuged for 5 min and the OD 
of the supernatants read i\\ 550 nm. Duplicate samples con- 
taining 10 Mg/mL superoxide dismulase {SOD; Sigma) were 
run in parallel and ihc background OD obtained subtracted 
from samples without SOD. llic results were converted to 
nM superoxide ion using the extinction coefficient for (re- 
duced cytochrome c| - (oxidized cytochrome c) for a 3 mm 
path length.'' 

Receptor binding assays 

'■M-rhTNF binding to UM37 membranes was performed 
using a New England Nuclear (Boston. MA) ligand binding 
kit. Briefly. 45 pM of ^'l-rh'fNP (40-50 \iCM\ig), the indi- 
cated concentrations of test antibody and U937 membranes 
provided, were incubated as described in the manufacturer "s 
instructions in a final volume of 250 |j1 for 3 h on ice. Mem- 
brane hound tracer was separated from free tracer by vacuum 
filtration over GF/C rillors. The filters were washed 2x4 ml 
with the wash buffer provided. Data were expressed as the 
mean ± SEM of three separate experiments and gniphed as 
percent of control '-^[-rh TNF binding in the abserice of anti- 
body (approximately lllH) cpm). Binding of (racer in the 
presence of 10 ^ig/ml of a negative control antibody was 
%% ± t%. 

To assess '"M-rh'iTJF binding to recombinant constructs 
of the p55 and p7:> cellular receptors for TNF, 50 [iL of a 
5 Mg/mL solution of cither p55 or p75 receptor fusion pro- 
teins in PBS was incubated on polystyrene 96-welI plates for 

1 h at j7X\ The welis were washed and blocked for I h at 
yrC with PBS containing 1 % BSA. Equal volumes (25 pL 
each) of serially diluted cA2 in PBS/1% BSA and 2 x '-n- 
rhTNF (final concentration = 4 ng/mL) were added to dupli- 
cate wells. Plates were incubated for 1 h at 37^C. washed 

2 X 200 |.iL with PBS and the radioactivity bound was counted 
in a gamma counter. Binding of tracer in the presence of 
10 ^tg/mL negative control antibody was 2270 cpm. 

Transgenic mouse protection model 

Tg21l transgenic mice were bred as previously de- 
scribed'"' and randomly divided into groups of 15 animals 
each. These groups received twice-weekly intraperitoneal 
injections of 10 ^L per gram average body weight to achieve 
a final dose of 0.5. 2 and S mg/kg cA2 IgG. A fourth group 
received S mg/kg of an isotype-matched control antibody. 
Investigators (LP and OK) performing the experiment at the 
Hellenic Pasteur Institute were blinded with respect to the 
drug euch treatment group received during the course of the 
study. Injections of test antibody were initiated when the 
mice reached 3 weeks of age, and the study was terminated 
after 8 weeks of treatment. Average weight and mortality in 
each group was recorded weekly. 
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